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SUMMARY 
This r e p o r t  conta ins  a b r i e f  d e s c r i p t i o n  of the  re f lec tometer  instrument;  
the  measurement techniques involved i n  determining the  sample degradat ion,  
and reduced f l i g h t  da t a  obtained during the  f i r s t  year  of opera t ion .  
Re f l ec t ive  su r face  degradat ion d a t a  gathered from 18 tes t  samples  flown 
on the  Applicat ions Technology S a t e l l i t e  (ATS-3) are presented.  The 
re f lec tometer  instrument  measures specular  sample r e f l e c t i v i t y  i n  four  
s p e c t r a l  bands p lus  one broadband. The measurements cover a s p e c t r a l  
range of 0.3 t o  3 microns. 
The primary ob jec t ive  of t h i s  instrument i s  t o  t e s t ,  i n  a c t u a l  space 
environment, the  d u r a b i l i t y  of s e l ec t ed  specu la r ly  r e f l e c t i v e  su r face  
ma te r i a l s  i n  order  t o  o b t a i n  d i r e c t l y  app l i cab le  da t a  f o r  use i n  equip- 
ment design.  A secondary a i m  of the  experiment i s  t o  obta in  d a t a  of 
s c i e n t i f i c  va lue  r e l a t i n g  t o  the  degradat ion process .  
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DESCRPTION OF THE EXPERIMENT 
1.1 REFLECTOMETER MEASUREMENT METHOD 
Figure 1 i s  an o v e r a l l  view of the re f lec tometer  and i t s  l oca t ion  i n  
the  ATS-3 spacec ra f t .  Exposure of t he  samples t o  the  space environment 
i s  made p o s s i b l e  by al lowing the re f lec tometer  sample d i s k  t o  protrude 
through a 7-inch-diameter ho le  i n  the  ATS-3 s o l a r  panel .  
The test samples and t h e  r e fe rence  samples are mounted i n  a c i r c u l a r  
a r r a y  on t h e  instrument.  An a r m  pivoted at t h e  cen te r  of t h e  a r r a y  
r o t a t e s  above t h e  samples,  scanning each one i n  tu rn .  The a r m  p r o j e c t s  
a beam of l i g h t  from a tungs ten  lamp onto t h e  samples being t e s t e d  and 
receives t h e  r e f l e c t e d  po r t ion  of t h e  l i g h t .  The r e f l e c t e d  l i g h t  passes  
through t h e  a r m  down i n t o  t h e  body of t h e  re f lec tometer  t o  t h e  de t ec to r s  
and e l e c t r o n i c s .  
Within t h e  instrument  t h e  r e t u r n  beam i s  s p e c t r a l l y  analyzed by a low 
r e s o l u t i o n  spectrometer  cons i s t ing  of an i n t e g r a t i n g  sphere,  f i l t e r s ,  
and d e t e c t o r s  t o  provide s p e c t r a l  r e so lu t ion .  
1 .2  OPTICAL CWARACTERISTICS 
Figure 2 i l lust rates  the re f lec tometer  o p t i c a l  schematic. Radiant 
energy from one of t h e  two incandescent tungs ten  lamps i s  passed through 
(or reflected from, depending upon t h e  lamp i n  use) a mechanical chopper 
d r iven  a t  2400 rpm. 
An a p e r t u r e  s t ~ p  l i m i t s  t h e  l i g h t  beam passing t o  t h e  beam s p l i t t e r  
l ens  t o  0.2 inch.  The beam s p l i t t e r  t ransmi ts  about 30 percent  of t h e  
This produces a chopped l i g h t  s i g n a l  a t  480 Hz. 
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beam energy i n t o  t h e  t e l e c e n t r i c  o p t i c a l  system; t h e  remaining l i g h t  
i s  r e f l e c t e d  out  of t h e  s y s t e m  o r  absorbed i n  t h e  beam s p l i t t e r .  The 
beam s p l i t t e r  has a p a r t i a l  Inconel coa t ing  on a Vycor 7900 s u b s t r a t e  
f o r  near n e u t r a l  re f lec tance- t ransmi t tance  c h a r a c t e r i s t i c s .  
The o p t i c a l  pa th  from t h e  beam s p l i t t e r  t o  t h e  r e f l e c t i v e  sample con- 
sists of two 1.2-inch-diameter l ens  elements i n s i d e  t h e  housing, and 
two mir rors  which form an i n t e g r a l  p a r t  of  t h e  r o t a t i n g  a r m .  
arrangement focuses t h e  l i g h t  onto t h e  sample sur face .  The l i g h t  i s  
then r e f l e c t e d  o f f  of t h e  sample su r face  and re turned  along t h e  s a m e  
mirror  and l ens  system t o  t h e  beam s p l i t t e r .  Again, 70 percent  of t h e  
l i g h t  passes  through o r  i s  d i s s i p a t e d ,  and t h e  remaining 30 percent  i s  
r e f l e c t e d  v i a  another  mirror  i n t o  an i n t e g r a t i n g  sphere spectrometer.  
The mirror  
Af t e r  pene t r a t ing  the  i n t e g r a t i n g  sphere a p e r t u r e ,  the  beam s t r i k e s  a 
d i f f u s e l y  r e f l e c t i n g  M g O  i n t e r i o r  sur face .  This r e s u l t s  i n  an i n f i n i t e  
number of r e f l e c t i o n s  producing a cons tan t  power dens i ty  and s p e c t r a l  
content  on any i n t e r n a l  po in t .  Photodetectors  and photomult ipl ier  tubes ,  
with their r e spec t ive  f i l t e r s ,  a r e  located on the  su r face  of t he  i n t e -  
g r a t i n g  sphere spectrometer.  
The experiment includes 20 samples:  10 unshielded,  8 sh ie lded  with 
quar tz  i n s e r t s ,  and 2 sh ie lded  r e fe rence  samples (one f u l l  s c a l e  and 
one zero) .  Most samples a r e  present  i n  p a i r s ,  one member of which is  
almost cons t an t ly  exposed t o  the  space environment while the  o ther  i s  
sh ie lded  t o  a l l  but  near W ,  v i s i b l e  and nea r . IR ,  by an o p t i c a l  grade-A 
fused s i l i c a  window. W r a d i a t i o n  s h o r t e r  than 0.1% is cu t  off  by the  
sh i e ld ing  window. 
r e f l e c t a n c e  measurement i s  being made. 
The window i s  moved away from the  sample when the  
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An incandescent tungsten l i g h t  source (Chicago Miniature  Lamp, No. 
CM8-1626), i n  conjunct ion with f i v e  s p e c t r a l l y  responsive d e t e c t o r s  and 
a MgO-coated i n t e g r a t i n g  sphere ,  i s  used t o  measure the  s p e c t r a l  d i s t r i -  
but ion o f  the  l i g h t  r e f l e c t e d  from the  samples. 
Two lead s u l f i d e  photodetec tors ,  one s i l i c o n  photodetec tor ,  and two 
photomul t ip l ie r  tubes are mounted on t h e  i n t e g r a t i n g  sphere which con- 
t a i n s  f i v e  d e t e c t o r  ape r tu re s  through which t h e  r e f l e c t e d  l i g h t  i s  
examined. 
The f a r  b lue ,  0.3 t o  0.41.1, channel i s  s p e c t r a l l y  def ined  by a Schot t  
UG-1 f i l t e r ,  whi le  the  remaining s p e c t r a l  bands are def ined by the  spec- 
t r a l  s e n s i t i v i t y  of t he  de t ec to r s  and of t he  l i g h t  source.  The measured 
channel s p e c t r a l  c h a r a c t e r i s t i c s  are shown i n  Figs .  3 ,  4 ,  5 ,  and 6. 
Further  des ign  d e t a i l s  of the  re f lec tometer  instrument  are provided i n  
the  prelaunch r e p o r t ,  EOS Report 7003-PLR, dated 17 October 1967. 
1.3 REFLECTANCE SAMPLES 
Table I desc r ibes  each of t he  samples flown on the  re f lec tometer .  The 
prelaunch r e f l e c t a n c e  va lues  of the  samples are  shown i n  Table I1 and 
are arranged i n  matched p a i r s  where poss ib le .  I d e n t i c a l  samples nom- 
i n a l l y  have i d e n t i c a l  i n i t i a l  o p t i c a l  r e f l e c t a n c e  va lues ;  however, the  
t a b l e  i l l u s t r a t e s  s e v e r a l  d i screpancies  between the  sample r e f l e c t a n c e s  
p r i o r  t o  launch. These are apparent ly  due to .p repa ra t ion  d i f f e r e n c e s  
as w e l l  as d i f f e r e n c e s  i n  prelaunch exposure. 
Mechanical d e t a i l s  of a t y p i c a l  sample and the  r e l a t i o n s h i p  of the  
samples t o  t h e  instrument  are shown i n  EOS Drawing 1100241, Appendix A .  
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LIST OF REFERENCES AND SAMPLES 
Reflecting a Sample Number Coating Surf ace Undercoat Substrate Source 
1 (100% reference ) Second Surface mirror 
3 I ( O %  reference) Black anodized grooved A1 I 
I I 1 I 
* Indicates those samples that are shielded. 
a Lettering indicates laboratory that supplied the sample. 
A - Electro-optical Systems, Pasadena, Calif. 
B - NASA-Langley Research Center, Langley Station, Hampton, Va. 
C - Night Vision Laboratory, Ft. Belvoir, Va. 
D - NASA-Goddard Space Flight Center, Greenbelt, Md. 
E - NASA-Lewis Research Center, Cleveland, Ohio. 
Coating thickness expressed in terms of quarter waves at 550 nm. 
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TABLE I1 
INITIAL VALUE OF REFLECTANCE R ,  
FOR EACH SAMPLE, ARRANGED I N  PAIRS 
*Indicates  samples that are s h i e l d e d .  
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1.4 DATA PROCESSING, REDUCTION, AND ANALYSIS 
The reduced form of the  r e f l e c t i v i t y  d a t a  i s  a graphic  p re sen ta t ion  of 
r e l a t i v e  sample r e f l e c t i v i t y  versus  time. The r a w  da t a  taken from t h e  
re f lec tometer  are near ly  i n  the c o r r e c t  form f o r  such a graph; however, 
a series of very  simple a r i t hme t i c  opera t ions  must be performed. Because 
of t he  r e l a t i v e l y  l a r g e  number of such c a l c u l a t i o n s ,  they are performed 
on a d i g i t a l  computer. 
The r a w  d a t a  from each of the  r e f l e c t i v i t y  channels i s  a vo l t age  (0 t o  -5 
v o l t s )  which i s  propor t iona l  t o  the  r e f l e c t i v i t y  of t he  su r face  being 
monitored. To e l imina te  the dc d r i f t  e r r o r s  (caused by such f a c t o r s  as 
source lamp aging) the  d a t a  from t h e  experimental  samples are  compared 
with the  d a t a  from the  zero  percentage and f u l l  scale s tandard  samples. 
The specular  r e f l e c t i v i t y  of each of t he  t e s t  samples i s  ca l cu la t ed  from 
the  following equation: 
- vs - vo 
vfs - vo Rs - 
s 
where 
Rs = tes t  sample r e f l e c t i v i t y  
Vs = app l i cab le  t e s t  sample r e f l e c t i v i t y  s i g n a l  vo l t age  ( v o l t s )  
= app l i cab le  f u l l  scale sample r e f l e c t i v i t y  s i g n a l  vo l t age  ( v o l t s )  vf  s 
Vo = app l i cab le  ze ro  sample r e f l e c t i v i t y  s i g n a l  vo l t age  (vo l t s )  
One of t h e  computer computations, t h e r e f o r e ,  i s  t h e  s o l u t i o n  of Eq. 1 f o r  
every r e f l e c t i v i t y  d a t a  po in t  recorded. With a nominal instrument  scan- 
ning rate of 8 minutes pe r  r evo lu t ion  and a te lemet ry  frame r a t e  of 1 
sample every 3 seconds,  t he re  are a t o t a l  of 160 da ta  samples per  channel 
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per revolu t ion .  Thus, f o r  the f i v e  r e f l e c t i v i t y  channels t he re  are 
800 da ta  samples per  revolu t ion .  Equation 1 w i l l  be solved f o r  each 
da ta  sample. 
Not a l l  of the  recorded da ta  po in t s  are from usable  por t ions  of the  
experimental  samples. 
between samples and the  edges of the  samples. The experimental  samples 
e x h i b i t  some edge e f f e c t s  w i th in  a 0.125-inch-wide r i n g  around the  edge 
of the  sample. 
Some da ta  w i l l  inc lude  the  nonre f l ec t ive  space 
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SECTION 2 
EXPERIMENTAL RESULTS 
2.1 SUMMARY OF REFLECTANCE DATA 
Appendix B conta ins  curves  of sample r e f l e c t a n c e  versus  time i n  o r b i t .  
Many of t he  d a t a  po in t s  recorded during the f i r s t  few weeks of f l i g h t  
have been omit ted on the  a t t ached  curves i n  order  t o  improve the  v i s u a l  
c l a r i t y .  The order  of l i s t i n g  i s  by p a i r s  of samples, one sh ie lded  and 
one unshielded. The l i s t i n g  and d e s c r i p t i o n  of t h e  p a i r s  are found i n  
Tables I and 11. 
The sample p a i r s  are grouped as follows: 
Group I - Uncoated aluminum (var ious undercoats and sub- 
Group I1 - S i 0  coated aluminum, Samples 7 ,  1 2 ,  17 ,  and 20 
Group I11 - S i 0  coated aluminum, Samples 2 ,  4 ,  18A, and 19A 
Group I V  - Alzak, Samples 13 and 14 
s t ra tes) ,  Samples 6 ,  5 ,  11, 1 8 B  and 19B 
2 
X 
A1203 coated aluminum, Sample 16 
(Si203)x coated aluminum, Samples 9 and 15 
MgF2 coated Ag, Samples 8 and 10 
A d i s c o n t i n u i t y  i n  the  r e f l e c t i v i t y  d a t a  f o r  the 0.3 t o  0 . k  channel and 
t h e  0.3 t o  0 . 6 5 ~  channel w a s  observed on approximately 20 November 1967. 
The d i s c o n t i n u i t y  was very no t i ceab le  f o r  samples with low r e f l e c t i v i t y  
i n  the  0.3 t o  0.6% range. A review of the da t a  ind ica t ed  t h a t  lamp €3 
had been used through 20 November 1967 and t h a t  -lamp A w a s  p r imar i ly  
used t h e r e a f t e r  with some no t i ceab le  except ions.  Low da ta  po in t s  appear 
on the  d a t a  p l o t s  on days when lamp B i s  used, which confirms the  cor- 
r e l a t i o n  between lamp s e l e c t e d  and d a t a  output .  The lower r e f l e c t i v i t y  
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i n d i c a t i o n  during lamp B opera t ion  i s  apparent ly  caused by noise  on 
the ze ro  percentage sample output .  
approximately one-half as l a r g e  as lamp A opera t ion .  Therefore ,  the  
low output  s i g n a l  due t o  lamp B i n  conjunct ion with the inhe ren t ly  low 
s i g n a l  i n  the  0.3 t o  0.6% range makes the  instrument suscep t ib l e  t o  
noise under these  condi t ions .  
Lamp B ope ra t ion  provides a s i g n a l  
The ATS-3 r e f l ec tomete r  is  designed t o  d e t e c t  only specu la r ly  r e f l e c t e d  
l i g h t ,  commonly r e f e r r e d  t o  as coherent ly  s c a t t e r e d  l i g h t .  The degree 
to which l i g h t  i s  s c a t t e r e d  coherent ly  o r  incoherent ly  (d i f fuse )  depends 
upon i t s  wavelength and the  roughness charac te r  of t h e  r e f l e c t i n g  sur face .  
Consequently,  t h e  r e s u l t s  of the experiment can be expected t o  be sens i -  
tCve t o  any f a c t o r s  which might e f f e c t  t he  roughness charac te r  of t he  
sample su r faces .  
Sur face  roughness causes the  d i f f u s e  s c a t t e r i n g  of l i g h t  and i s  p a r t i c -  
u l a r l y  troublesome i n  the  u l t r a v i o l e t  and vacuum u l t r a v i o l e t  reg ions  of 
the spectrum. Figure 7 shows the  o p t i c a l  s c a t t e r i n g  which occurs when 
l i g h t  i s  r e f l e c t e d  from a rough metal  sur face .  P a r t  of t he  inc iden t  beam 
is  r e f l e c t e d  i n  the  specular  d i r e c t i o n ,  while  t h e  remainder i s  d i f f u s e l y  
s c a t t e r e d  around the  specular  d i r e c t i o n .  The f r a c t i o n  which i s  s c a t t e r e d  
depends on the  r a t i o  of  the  s i z e  of the  i r r e g u l a r i t i e s  t o  the  wavelength. 
When t h e  i r r e g u l a r i t i e s  are l a r g e  r e l a t i v e  t o  t h e  wavelength, they a c t  
as s m a l l  m i r ro r s  r e f l e c t i n g  l i g h t  i n  var ious  d i r e c t i o n s .  Furthermore, 
the t o t a l  r e f l e c t a n c e  of t he  su r face  may be smaller than t h a t  of a per-  
f e c t l y  smooth su r face  of the  same material because of mul t ip l e  r e f l e c -  
t i o n s  between su r face  f a c e t s .  D i f f r a c t i o n  e f f e c t s  become important i f  
the s u r f a c e  i r r e g u l a r i t i e s  become comparable i n  magnitude t o  the  wave- 
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The loss  of specular  (coherent) r e f l e c t i o n  due t o  sur face  roughness i s  
demonstrated i n  Fig.  8 a s  repor ted  by Bennett and Bennett (Ref. 1). . 
This shows the r e l a t i v e  r e f l ec t ance  of an aluminized ground g l a s s  sample 
t o  t h a t  of a p e r f e c t l y  smooth sur face  of the  same ma te r i a l .  The r e l a t i v e  
r e f l ec t ance  i s  nea r ly  zero when the  rms height  of the  sur face  i r r e g u l a r -  
i t i es  B = 0.2h, where X i s  the  wavelength. Thus, sur faces  which have 
i r r e g u l a r i t i e s  of the order  of ha l f  a wavelength or more e x h i b i t  prac- 
t i c a l l y  no specular  r e f l e c t i o n .  
The theory r e l a t i n g  sur face  roughness t o  specular  r e f l ec t ance  when 
CY << h has been given by Bennett and Porteus (Ref. 2 ,  3 ,  and 4 ) .  The 
r a t i o  of the specular  r e f l ec t ance  R from a given sample t o  the specular 
r e f l ec t ance  Ro from a p e r f e c t l y  smooth sur face  of thG same ma te r i a l  i s  
(2) 
2 R / R ~  = exp[-(4rro/h) ] + incoherent term 
The f i r s t  term on the  r i g h t  represents  t he  specular  o r  coherent s c a t t e r -  
ing.  The d i f f u s e  or  incoherent term a l s o  contains  an exponential  func- 
t i o n  wi th ,  however, a l / h  dependence which causes t h i s  term t o  decrease 
r ap id ly  a s  the wavelength increases .  The second term a l s o  decreases  a s  
4 
the mean s lope of t he  i r r e g u l a r i t i e s  becomes s teeper  and a s  the acceptance e 
angle  of t he  instrument becomes smaller .  In  the  ATS-3 Reflectometer 
experiment, l i g h t  of normal incidence i s  specular ly  r e f l e c t e d  of f  the 
sample ,  back along the  path of incidence,  through a system of m i r r o r s  
and i n t o  an i n t e g r a t i n g  sphere.  Therefore,  t he  acceptance angle of the  
instrument is  small  and the  incoherent term of Eq. 1 can be considered 
equal t o  zero.  
Since the  ATS-3 Reflectometer only d e t e c t s  specular ly  r e f l e c t e d  l i g h t ,  
i t  follows t h a t  any loss  of r e l a t i v e  specular  r e f l e c t a n c e ,  as the  r e s u l t  
of changes i n  the sample sur face  which enhance d i f f u s e  s c a t t e r i n g ,  would 
be in t e rp re t ed  a s  a degradation of r e f l ec t ance .  A l s o ,  designated i d e n t i c a l  
- 
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Figure 8. Relative Coherent Reflectance R/Ro versus O / h  
for Larger Values of Surface Roughness 
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su r faces  which, however, have inadve r t en t ly  been prepared with d i f f e r e n t  
roughness cha rac t e r  would e x h i b i t  d i f f e r e n t  i n i t i a l  va lues  of re la t ive 
specular  r e f l e c t a n c e  (measured as Rs i n  t h e  experiment),  a l though va lues  
of t o t a l  r e f l e c t a n c e  (not  measured i n  the  experiment) might conceivably 
be t h e  s a m e .  
A f u r t h e r  d i scuss ion  of t he  phys ica l  i n t e r p r e t a t i o n  o f  t h e  r e f l e c t a n c e  
da t a  i s  contained i n  a r ecen t  paper by Heaney (Ref. 5).  A s  w i l l  be shown 
h e r e ,  t he  sample r e f l e c t a n c e  changes can be explained i n  terms of o/h, 
the  su r face  roughness r e l a t i v e  t o  wavelength. Since the  d a t a  do not  
i n d i c a t e  the  course of t o t a l  r e f l e c t a n c e ,  t h e i r  i n t e r p r e t a t i o n  i n  terms 
of development of a n  absorp t ion  band i n  the  su r face  oxide l a y e r  i s  not  
poss ib l e  without  recourse  t o  o ther  da t a .  Heaney provides t h i s  comparison 
i n  h i s  paper. 
Bennett (Ref. 2) g ives  a curve of r e f l e c t a n c e  p l o t t e d  aga ins t  o/h, repro-  
duced as Fig.  8 of t h i s  r e p o r t ,  which i n d i c a t e s  t h a t  specular  r e f l e c t a n c e  
decreases  t o  about 50% of the  b e s t  ob ta inable  va lue  when o / h ,  0.10. A s  
w i l l  be poted i n  t h e  group I set of curves ,  t h e  l a r g e s t  s p e c t r a l ,  specu- 
lar  r e f l e c t a n c e  decrease occurs i n  the 0.3 t o  0.4p band, corresponding 
t o  CJ = 0 . 0 3 5 ~  roughness (about lp, roughness) f o r  h = 0 . 3 5 ~ .  It would 
appear t h a t  the  su r face  oxide f i l m  e f f e c t  i s  n e g l i g i b l e  f o r  group I 
s i n c e  Berning, Madden and Hass (Ref. 6) r e p o r t  n a t u r a l l y  occurr ing 
A1 0 f i lms  on aluminized mir ror  su r faces  of about 0.0022p th ickness  a t  
room temperature e 
2 3  
The e f f e c t  on s h o r t  wavelength r e f l e c t a n c e  s t a b i l i t y  due t o , s u b s t r a t e  
v a r i a t i o n s  i s  ind ica t ed  i n  group I1 samples. Comparing the  r e f l e c t a n c e  
curves (shown i n  Appendix B) of p a i r  7 and 12  with p a i r  1 7  and 20, l i t t l e  
d i f f e r e n c e  i n  ra te  of degradat ion of r e f l e c t a n c e  i s  seen i n d i c a t i n g  t h a t  
t he  s u b s t r a t e  material i s  not  a prime f a c t o r  i n  the  degradat ion process .  
- 
Figure 9 was p l o t t e d  from the  da t a  of Samples 2 and 4 which were S i 0  
overcoated aluminum. 
t o  a power. 
The two p l o t s - a r e  seen t o  va ry  with t i m e  r a i s e d  
The t i m e  dependence of these  d a t a  a t tes t s  an  e f f e c t  which 















































































































































































i s  sys temat ic  although the  cause cannot be conclus ive ly  determined from 
the  a v a i l a b l e  da t a .  However, t he  func t iona l  dependence on the  t i m e  
suggests  t h a t  t h i s  degradat ion on t h e  wavelength range of  0.3 t o  0 . b  
might be due t o  su r face  roughness which f o r  small  a/?, ( see  Equation 2) 
i s  expressed i n  t h e  form 
(3) 
2 1 - R/R, = (4na/X) 
Equation 3 def ines  the  d i f f u s e l y  s c a t t e r e d  l i g h t  (1-R/Ro). 
of Fig.  9 r ep resen t s  t he  d i f f e rence  between un i ty  and the  experimental  
values  of  re la t ive s p e c t r a l  r e f l ec t ance  which is  t o  be i d e n t i f i e d  with 
the  l e f t  hand s i d e  o f  Equation 3 .  In  order  f o r  t h e  ord ina te  of Fig.  9 
t o  vary wi th  2 as i n  Equation 3, CY would have t o  vary wi th  t i m e  r a i s e d  
to an appropr i a t e  power. 
q u i r e  f o r  = 0.35 micron, 
The o rd ina te  
For example, the  da t a  of Sample 4 would re- 
0.15 a/?, = 0.03(t)  ( 4 )  
where t is  given in  days. Equation 4 i s  p lo t t ed  i n  Fig. 10. Of course,  
Fig.  10 i s  i n  the  na tu re  of pure supposi t ion.  It would r e q u i r e  t h a t  t h e  
su r face  roughness f a c t o r  increase  r e l a t i v e l y  r a p i d l y  i n  the  e a r l y  days 
of  t he  experiment and then begin taper ing  o f f .  
above, an  rms va lue  of su r face  i r r e g u l a r i t i e s  of  only 175Awould be 
requi red  t o  cause the  observed data: Pursuing the l o g i c  generated 
by t h e  suppos i t ion ,  a rap id  change i n  su r f ace  condi t ion  during t h e  
i n i t i a l  per iod of exposure t o  t h e  vacuum of  space suggests  t he  pos- 
s i b i l i t y  o f  vigorous outgassing. I f  t he  su r faces  were prepared under 
condi t ions  which permit ted t h e  formation of l a r g e  c r y s t a l l i t e s  and 
the  t rapping  of s i g n i f i c a n t  amounts o f  r e s i d u a l  gas molecules,  it i s  
conceivable t h a t  vacuum outgassing could proceed under the  inf luence  
of a c t i v a t i n g  uv i r r a d i a t i o n  such t h a t  a porous su r face  layer  s t r u c t u r e  
would develop, r e s u l t i n g  i n  i r r e g u l a r i t i e s  t o  a n  ex ten t  requi red  t o  
expla in  the  da t a .  
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Again, r e f e r r i n g  t o  Fig. 9, t h e  lower rate of degradat ion of Sample 2 
might be explained by the  s h i e l d  which would reduce the  i n t e n s i t y  of uv 
i r r a d i a t i o n ,  e s p e c i a l l y  i n  the  vacuum u l t r a v i o l e t .  On the o the r  hand, 
an examination of  the  f i r s t  (prelaunch) da t a  po in t s  f o r  the  p a i r  (2,4) 
s t rong ly  i n f e r s  t h a t  the  two samples are n o t  i d e n t i c a l  although they 
are supposed t o  be the  same. I n i t i a l l y ,  Sample 2 shows a mean r e l a t i v e  
r e f l e c t i v i t y  of about 95 percent whereas t h a t  of Sample 4 is c l o s e r  t o  
85 percent .  
The emphasis of  t he  d iscuss ion  above i s  t h a t  the.*very s t rong  degradation 
e f f e c t s  observed i n  the  da t a  of the  sample  p a i r  (2,4) w e r e  p r imar i ly  
due t o  an inherent  na tu re  of t h e  su r faces  which made them more vulner-  
a b l e  t o  the  s p e c i a l  environmental condi t ions .  This l a t t e r  s ta tement  
seems v a l i d  upon examination of  t h e  d a t a  of  the  sample p a i r  (18A, 19A) 
which a r e  su r faces  s i m i l a r  t o  those  of  (2,  4)  (see Appendix B) .  
Examination of t h e  d a t a  of (18A, 19A) shows only  s l i g h t  evidence of  
degradat ion 
Another anomaly i n  t h e  prelaunch d a t a  i s  seen i n  t h e  0.3 t o  0 . 6 5 ~  da ta  
o f  p a i r  (5, 11) t h a t  a r e  supposed t o  be i d e n t i c a l .  These prelaunch da ta  
po in t s  bear  l i t t l e  resemblance, which precludes a meaningful comparative 
ana lys i s .  Sample 11 is  i d e n t i f i e d  as an aluminum r e f l e c t i n g  su r face  
with no overcoat ing.  The behavior of  Sample 11 i s  p rec i se ly  t h a t  which 
would be expected from such a sur face .  The r e f l e c t i v i t y  i s  p r a c t i c a l l y  
the  same f o r  a l l  wavelengths which is  the  w e l l  known property of 
aluminum-oxide coated aluminum. Ord ina r i ly ,  t h e  presence of the  oxide 
coa t ing  should not  in f luence  t h e  o p t i c a l  p r o p e r t i e s  above h = 0 . 2 ~ .  
7 00 3 -AR 23 
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Samples 8 and 10, MgF2-overcoated s i l v e r ,  (Appendix B) show evidence i n  
the  0.3 t o  0 . 4 ~  band of the  sharp decrease i n  r e f l e c t a n c e  which is  
c h a r a c t e r i s t i c  of s i l v e r  a t  approximately 0 . 3 1 ~ .  Also, Sample 8 e x h i b i t s  
a pronounced degradat ion e f f e c t  i n  the  0.30 t o  0 . 6 5 ~  band and, t o  a much 
lesser e x t e n t ,  i n  the  0.30 t o  0 . 4 0 ~  band. S tudies  (Ref. 7 )  have shown 
t h a t  MgF -protected aluminum mir rors  r e t a i n  t h e i r  r e f l e c t a n c e  q u a l i t y  
even i n t o  t h e  high-vacuum u l t r a v i o l e t  during extended exposure t o  a i r ,  
uv r ad ia t ion ,  and bombardment by 1-Mev e l e c t r o n s  and 5-Mev protons of 
flux i n t e n s i t i e s  much g r e a t e r  than those encountered i n  space. There- 
fo re ,  one is led  t o  conclude t h a t  n e i t h e r  uv nor  ion  i r r a d i a t i o n s  are 
respons ib le  f o r  the  degradat ion shown by Sample 8,  assuming, of course,  
t h a t  the  MgF2-overcoat w a s  e f f e c t i v e l y  appl ied  t o  t h e  r e f l e c t i n g  sur face .  
2 
Micro-meteorite bombardment does no t  appear t o  be a l i k e l y  mechanism 
cons ider ing  t h a t  t he  degradat ion proceeds much more r a p i d l y  during the  
e a r l y  days of  exposure r a t h e r  than a t  a uniform rate as might otherwise 
be expected i n  such a case .  Also,  t h e  e f f e c t  of meteor i te  bombardment 
should be present  t o  a s i m i l a r  degree i n  the  d a t a  of a l l  unshielded 
samples,.and t h i s  has  not  been observed. Although lacking an explanat ion 
f o r  the  very f i r s t  prelaunch 0.30 t o  0 . 6 5 ~  da ta  po in t s  of Sample 8 ,  the  
subsequent da t a  a f t e r  launch f o r  t h a t  band behaves l i k e  t h a t  o f  t he  
(2,4) p a i r  which has a l ready  been discussed i n  some d e t a i l .  
The sample p a i r  (9,lS) shows very s t rong  evidence of a r e f l e c t i v i t y  
decreasing monotonically wi th  wavelength. The prelaunch da ta  fo r  the  
sh ie lded  and unshielded samples are i d e n t i c a l  for t h e  0.30 t o  0.40, 
0.3 to  0.65, and 0.65 t o  1 . 2 ~  bands. The aforementioned d i s p a r i t y  
f o r  t h i s  p a i r  e x i s t s  i n  the  broad band da ta  which, c o n t r a r i l y ,  e x h i b i t s  
a cons tan t  relative r e f l e c t i v i t y  of  105 percent  f o r  the  unshfelded sample 
and a lower value of 90 percent  f o r  t he  sh i e ldedsample .  
degradat ion e f f e c t s  appear t o  be about the  same f o r  each wavelength band 
f o r  each sample of the  p a i r  (9,15). That is, the  s h i e l d  apparent ly  has 
no e f f e c t ;  t h i s  i s  one of the  s t r o n g e s t  b i t s  of evidence a g a i n s t  any 
Subsequent 
7003-AR 24 
erosion mechanism due to micro-meteorite or ion bombardment. This still 
allows the possibility that the degradation may be due to uv radiation, 
especially since the decreases in reflectivity proceed at a more uniform 
rate than that observed in some of the other cases, e.g., that of Sample 8. 
In summary, the prelaunch data clearly show in many instances that sample 
pairs were not identical, thus confusing the analysis of any subsequent 
degradation effects. However, it appears that micro-meteorite erosion 
and ion sputtering can be eliminated as causes of degradation. On the 
other hand, vacuum outgassing and/or chemical changes probably enhanced 
by ultraviolet radiation are suggested mechanisms responsible for the 
observed degradation. That is, a thoroughly degassed surface which is 
not subject to discoloration when exposed to uv would not be expected 
to demonstrate degradation effects in this experiment. In explaining 
shielded and unshielded sample data where obvious differences occur, 
it should be noted that the quartz shields transmit ultraviolet radiati0.n 
but absorb the more energetic vacuum ultraviolet. Therefore, the 
exposure of the unshielded samples to vacuum ultraviolet radiation will 
greatly ,exceed that of the shielded samples. Finally, contamination 
does not appear to be a probable mechanism in the vacuum condition of 
space e 
2.2 TEMPERATURE HISTORY 
Figures 11, 12 and 13 indicate the case temperature, primary detector 
temperature, and secondary detector temperature histories, respectively. 
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APPENDIX A 
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SAKPLES 19A AND 18A 
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